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TITLE OF THE INVENTION 

A METHOD FOR PROCESSING A PHOTORESIST-COATED GLASS 
5 BOARD^ 

AMETHOD FOR MANU F ACTURING A STAMPER FOR A RECORDING , 

JME DIUM, 

A METHOD FOR MANUFACTURING A RECORDING MEDIU M, 
A PHOTORESIST-COATED GLASS BOARD, 
10 A STAMPER FOR A RECORDING MEDIUM, AND 

-A RF.r.OTmTMn MEDIUM 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for processing a 
15 photoresist-coated glass board, a method for manufacturing a stamper for 
a recording medium, a method for manufacturing a recording medium, a 
photoresist-coated glass board, a stamper for a recording medium and a 
recording medium and, particularly, to a method for processing a 
photoresist-coated glass board to manufacture a stamper for a recording 
20 medium such as an optical recording disk accurately formed with pre-pits. 

DESCRIPTION OF THE PRIOR ART 

The kind of recording medium known as an "optical recording 
disk" is manufactured by employing an optical recording disk stamper 
25 formed with a negative pattern of pits or guide grooves for tracking and 
transferring the negative pattern of pits or guide grooves for tracking onto 
the optical recording disk by an injection molding process or photo-setting 
process. The negative pattern of the stamper is formed by projecting a 
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laser beam onto a photo-sensitive layer formed by applying a photo- 
sensitive material onto a glass substrate, thereby exposing the photo- 
sensitive layer to the laser beam, applying a metal film made of nickel or 
the like onto a raised and depressed pattern formed at regions of the 
5 exposed photo-sensitive layer, effecting thick film plating using the metal 
film as a base, and peeling off the photo-sensitive layer from the metal 
film. 

Figure 7 is a diagram showing a process for manufacturing a 
stamper for an optical recording disk using a cutting machine 100. As 

10 shown in Figure 7, a laser beam 102 emitted from a laser device 101 
enters an EOM (electro-optic modulator) 103, whereby the power of the 
laser beam 102 is modulated to a predetermined power suitable for 
exposure and is reflected by a beam splitter 104, a beam splitter 105 and 
a mirror 106 to be condensed by a lens 107a onto a photoresist-coated 

15 board 108. When a stamper for a DVD is to be fabricated, a laser beam 
102 having a wavelength X of about 351 nm is employed. 

The photoresist-coated board 108 has a disk-like shape and 
includes a glass substrate 108a and a photosensitive material layer 108c 
formed on the glass substrate 108a. The photosensitive material layer 

20 108c is irradiated with a laser beam 102 to be exposed thereto and 
developed to form a raised and depressed pattern composed of grooves or 
pre-pits. 

A lens 107b for condensing the laser 102, a light modulator 109 
and a lens 107c for making the laser beam whose power has been 
25 modulated into a parallel beam are disposed between the beam splitter 
104 and the beam splitter 105 and the power of the laser beam 102 is 
modulated in accordance with an input pulse signal train. In such a case, 
the power of the laser beam 102 is modulated intermittently in 



accordance with the length of the pre-pits to be formed. For example, as 
disclosed in Japanese Patent Application Laid Open No. 2000*276780, the 
length of a pulse for end portions of the pit is set longer than that for a 
central portion of the pit and the length of a pulse following a foremost 
5 pulse and the length of a pulse preceding a last pulse are set longer than 
that at the central portion. Pre-pits each having a uniform width can be 
formed by modulating the power of the laser beam 102 in this manner, 
thereby improving jitter property and modulation of the reproduced 
signal. 

10 A latent image of a raised and depressed pattern corresponding to 

pre-pits is formed spirally on the photoresist-coated board 108 by 
integrally moving the mirror 106 and an objective lens 107a in a radial 
direction of the photoresist-coated board 108 and rotating a turn table 110 
on which the photoresist-coated board 108 is placed, and the raised and 

15 depressed pattern is formed on the photoresist-coated board 108 by 
developing the photoresist-coated board 108. 

A nickel film is formed by plating and electrotyping on the 
photoresist-coated board 108 on which the raised and depressed pattern 
corresponding to the pre-pits is formed in this manner and the 

20 photoresist-coated board 108 is peeled off from the nickel film, thereby 
fabricating a stamper. 

Recently, the recording density of data in an optical recording disk 
has been increased. For example, although the track pitch of a DVD is set 
to 0.74 pm and the shortest pit length thereof is set to 0.4 pm, in a next" 

25 generation type optical recording disk having an extremely high data 
transfer rate, it is required to set the track pitch and the shortest pit 
length thereof to about 0.32 pm and 0.16 pm, respectively. In accordance 
with this trend, it is required to set the wavelength X of the laser beam 
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used for reproducing data from the optical recording disk to about 405 nm, 
i.e., shorter than the 650 nm wavelength of the laser beam used for the 
conventional optical recording disk. 

A stamper for producing such an optical recording disk is difficult 
5 to fabricate using a conventional cutting machine employing a laser beam 
having a wavelength X of 351 nm. Specifically, in the case where a 
stamper is fabricated using the conventional cutting machine employing a 
laser beam having a wavelength X of 351 nm and only modulating the 
laser beam to an intermittent beam, the width of the raised and 

10 depressed patterns cannot be made uniform for forming raised and 
depressed patterns having various widths corresponding to a short pit to 
a long pit, making it impossible to narrow the track pitch. 

Although it is possible to form the pits of such an optical recording 
disk by using a cutting machine employing a laser beam having a shorter 

15 wavelength, such a cutting machine is expensive and it is desirable to 
fabricate a stamper for the next" generation type optical recording disk 
using an existing cutting machine. 

SUMMARY OF THE INVENTION 

20 It is therefore an object of the present invention to provide a 

method for processing a photoresist-coated board which can form a fine 
raised and depressed pattern having a uniform width after development 
even in the case where a laser beam having a relatively long wavelength 
is used, and a photoresist-coated board formed with a fine raised and 

25 depressed pattern having a uniform width. 

It is another object of the present invention to provide a method for 
manufacturing a stamper for a recording medium such as an optical 
recording disk or the like which can make pit widths of pre-pits uniform 



irrespective of the pit lengths and narrow a track pitch even in the case 
where a laser beam having a relatively long wavelength is used and a 
stamper for a recording medium such as an optical recording disk or the 
like formed with pre-pits having uniform pit widths and a narrow track 
5 pitch. 

It is a further object of the present invention to provide a method 
for manufacturing a recording medium such as an optical recording disk 
or the like which can make pit widths of pre-pits uniform irrespective of 
the pit lengths and narrow a track pitch even in the case where a laser 

10 beam having a relatively long wavelength is used and a recording 
medium such as an optical recording disk or the like formed with pre-pits 
having uniform pit widths and a narrow track pitch. 

The above objects of the present invention can be accomplished by 
a method for processing a photoresist-coated board comprising steps of 

15 intermittently projecting a pulse-like laser beam onto a photosensitive 
material layer on or above a light absorption layer provided in the 
photoresist-coated board to expose the photosensitive material layer to 
the laser beam, and developing the photosensitive material layer, thereby 
forming a raised and depressed pattern on the photosensitive material 

20 layer. 

According to the present invention, since a laser beam is 
intermittently projected onto a photoresist-coated board formed with a 
light absorption layer, a fine raised and depressed pattern having a 
uniform width can be formed on the photoresist-coated board after 
25 development even in the case where a laser beam having a relatively long 
wavelength is used. Therefore, a stamper for a recording medium and a 
recording medium formed with fine pre-pits having a uniform width can 
be fabricated. 
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In a preferred aspect of the present invention, a duty ratio of the 
pulse-like laser beam is varied in accordance with a length of a depressed 
portion or a projecting portion of the raised and depressed pattern to be 
formed. 

5 According to this preferred aspect of the present invention, since 

the laser beam is intermittently projected onto the photoresist-coated 
board while the duty ratio thereof is varied, a fine raised and depressed 
pattern having a uniform width can be formed on the photoresist-coated 
board after development even in the case where a laser beam having a 

10 relatively long wavelength is used. Therefore, a stamper for a recording 
medium and a recording medium formed with fine pre-pits having a 
uniform width can be fabricated. 

The above objects of the present invention can be also 
accomplished by a method for processing a photoresist-coated board 

15 comprising steps of intermittently projecting a pulse-like laser beam onto 
a photosensitive material layer provided in the photoresist-coated board 
to expose the photosensitive material layer to the laser beam, and 
developing the photosensitive material layer, thereby forming a raised 
and depressed pattern on the photosensitive material layer, wherein the 

20 method for processing a photoresist-coated board further comprises a step 
of varying a duty ratio of the pulse-like laser beam in accordance with a 
length of a depressed portion or a projecting portion of the raised and 
depressed pattern to be formed. 

According to the present invention, since the laser beam is 

25 intermittently projected onto the photoresist-coated board while the duty 
ratio thereof is varied, a fine raised and depressed pattern having a 
uniform width can be formed on the photoresist-coated board after 
development even in the case where a laser beam having a relatively long 
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wavelength is used. Therefore, a stamper for a recording medium and a 
recording medium formed with fine pre-pits having a uniform width can 
be fabricated. 

In a preferred aspect of the present invention, when a length of a 
5 depressed portion or a projecting portion of the raised and depressed 
pattern is shorter than a predetermined length, the duty ratio of the 
pulse -like laser beam is varied in accordance with the length of the 
depressed portion or the projecting portion of the raised and depressed 
pattern and when a length of a depressed portion or a projecting portion 

10 of the raised and depressed pattern is equal to or longer than a 
predetermined length, the duty ratio of the pulse-like laser beam is kept 
constant independently of the length of the depressed portion or the 
projecting portion of the raised and depressed pattern, thereby exposing 
the photosensitive material layer to the laser beam. 

15 According to this preferred aspect of the present invention, since 

the duty ratio of the pulse -like laser beam is varied only when it is 
particularly difficult to form a fine raised and depressed pattern having a 
uniform width without varying the duty ratio of the pulse-like laser beam 
for forming a depressed portion or a projecting portion of the raised and 

20 depressed pattern having a length shorter than a predetermined length, 
it is possible to form the raised and depressed pattern on the photoresist- 
coated board so as to be fine and have a uniform width without 
conducting complicated operations. Therefore, a stamper for a recording 
medium and a recording medium formed with fine pre-pits having a 

25 uniform width can be fabricated. 

In a further preferred aspect of the present invention, the duty 
ratio of the pulse-like laser beam is varied so that the photosensitive 
material layer is exposed to the laser beam by setting the duty ratio of the 
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pulse-like laser beam to a first value when a depressed portion or a 
projecting portion of a raised and depressed pattern having a first length 
is to be formed and that the photosensitive material layer is exposed to 
the laser beam by setting the duty ratio of the pulse-like laser beam to a 

5 second value smaller than the first value when a depressed portion or a 
projecting portion of a raised and depressed pattern having a second 
length longer than the first length is to be formed. 

According to this preferred aspect of the present invention, since 
the laser beam having a smaller duty ratio is intermittently projected 

10 onto the photoresist-coated board when the length of the depressed 
portion or projecting portion of the raised and depressed pattern becomes 
greater, a fine raised and depressed pattern having a uniform width can 
be formed on the photoresist-coated board after development irrespective 
of the length of the depressed portion or projecting portion of the raised 

15 and depressed pattern even in the case where a laser beam having a 
relatively long wavelength is used. Therefore, a stamper for a recording 
medium and a recording medium formed with fine pre-pits having a 
uniform width can be fabricated. 

The above objects of the present invention can be also 

20 accomplished by a method for manufacturing a stamper for a recording 
medium comprising a step of intermittently projecting a pulse-like laser 
beam onto a photosensitive material layer on or above a light absorption 
layer provided in the photoresist-coated board to expose the 
photosensitive material layer to the laser beam, and developing the 

25 photosensitive material layer, thereby forming a raised and depressed 
pattern on the photosensitive material layer and a step for transferring 
the raised and depressed pattern formed on the photosensitive material 
layer onto the stamper for a recording medium, thereby forming a raised 



and depressed pattern on the stamper for an optical recording medium. 

According to the present invention, since a laser beam is 
intermittently projected onto a photoresist-coated board formed with a 
light absorption layer, a fine raised and depressed pattern having a 
5 uniform width can be formed on the photoresist-coated board after 
development even in the case where a laser beam having a relatively long 
wavelength is used. Therefore, a recording medium formed with fine pre- 
pits having a uniform width can be fabricated. 

The above objects of the present invention can be also 

10 accomplished by a method for manufacturing a stamper for a recording 
medium comprising a step of forming a raised and depressed pattern 
including a depressed portion or a projecting portion corresponding to a 
pit on a photosensitive material layer on or above a light absorption layer 
provided in a photoresist-coated board by projecting two or more pulses of 

15 a laser beam onto the photosensitive material layer to expose the 
photosensitive material layer thereto and developing the photosensitive 
material layer, and a step of transferring the raised and depressed 
pattern formed on the photosensitive material layer onto a stamper for a 
recording medium and forming a raised and depressed pattern on the 

20 stamper. Here, "two pulses" means two intermittent pulses. 

According to the present invention, since two or more pulses of a 
laser beam are projected onto the photoresist-coated board having the 
light absorption layer, a fine raised and depressed pattern having a 
uniform width can be formed on the photoresist-coated board after 

25 development even in the case where a laser beam having a relatively long 
wavelength is used. Therefore, a recording medium formed with fine pre- 
pits having a uniform width can be fabricated. 

In a preferred aspect of the present invention, a duty ratio of the 
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pulse-like laser beam is varied in accordance with a length of a depressed 
portion or a projecting portion of the raised and depressed pattern to be 
formed. 

According to this preferred aspect of the present invention, since 
5 the laser beam is intermittently projected onto the photoresist-coated 
board while the duty ratio thereof is varied, a fine raised and depressed 
pattern having a uniform width can be formed on the photoresist-coated 
board after development even in the case where a laser beam having a 
relatively long wavelength is used. Therefore, a recording medium formed 

10 with fine pre-pits having a uniform width can be fabricated. 

The above objects of the present invention can be also 
accomplished by a method for manufacturing a stamper for a recording 
medium comprising a step of forming a raised and depressed pattern on a 
photosensitive material layer provided in a photoresist-coated board by 

15 intermittently projecting a pulse-like laser beam onto the photosensitive 
material layer to expose the photosensitive material layer thereto and 
developing the photosensitive material layer, and a step of transferring 
the raised and depressed pattern formed on the photosensitive material 
layer onto a stamper for a recording medium and forming a raised and 

20 depressed pattern on the stamper, wherein the method for manufacturing 
a stamper for a recording medium further comprises a step of varying a 
duty ratio of the pulse-like laser beam in accordance with a length of a 
depressed portion or a projecting portion of the raised and depressed 
pattern to be formed. 

25 According to the present invention, since the laser beam is 

intermittently projected onto the photoresist-coated board while the duty 
ratio thereof is varied, a fine raised and depressed pattern having a 
uniform width can be formed on the photoresist-coated board after 
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development even in the case where a laser beam having a relatively long 
wavelength is used. Therefore, a recording medium formed with fine pre- 
pits having a uniform width can be fabricated. 

In a preferred aspect of the present invention, when a length of a 
5 depressed portion or a projecting portion of the raised and depressed 
pattern is shorter than a predetermined length, the duty ratio of the 
pulse-like laser beam is varied in accordance with the length of the 
depressed portion or the projecting portion of the raised and depressed 
pattern and when a length of a depressed portion or a projecting portion 

10 of the raised and depressed pattern is equal to or longer than a 
predetermined length, the duty ratio of the pulse-like laser beam is kept 
constant independently of the length of the depressed portion or the 
projecting portion of the raised and depressed pattern, thereby exposing 
the photosensitive material layer to the laser beam. 

15 According to this preferred aspect of the present invention, since 

the duty ratio of the pulse-like laser beam is varied only when it is 
particularly difficult to form a fine raised and depressed pattern having a 
uniform width without varying the duty ratio of the pulse -like laser beam 
for forming a depressed portion or a projecting portion of the raised and 

20 depressed pattern having a length shorter than a predetermined length, 
it is possible to form the raised and depressed pattern on the photoresist- 
coated board so as to be fine and have a uniform width without 
conducting complicated operations. Therefore, a recording medium 
formed with fine pre-pits having a uniform width can be fabricated. 

25 In a further preferred aspect of the present invention, the duty 

ratio of the pulse-like laser beam is varied so that the photosensitive 
material layer is exposed to the laser beam by setting the duty ratio of the 
pulse-like laser beam to a first value when a depressed portion or a 
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projecting portion of a raised and depressed pattern having a first length 
is to be formed and that the photosensitive material layer is exposed to 
the laser beam by setting the duty ratio of the pulse-like laser beam to a 
second value smaller than the first value when a depressed portion or a 
5 projecting portion of a raised and depressed pattern having a second 
length longer than the first length is to be formed. 

According to this preferred aspect of the present invention, since 
the laser beam having a smaller duty ratio is intermittently projected 
onto the photoresist-coated board when the length of the depressed 

10 portion or projecting portion of the raised and depressed pattern becomes 
greater, a fine raised and depressed pattern having a uniform width can 
be formed on the photoresist-coated board after development irrespective 
of the length of the depressed portion or projecting portion of a raised and 
depressed pattern even in the case where a laser beam having a relatively 

15 long wavelength is used. Therefore, a recording medium formed with fine 
pre-pits having a uniform width can be fabricated. 

The above objects of the present invention can be also 
accomplished by a method for manufacturing a recording medium 
comprising at least a step of forming a raised and depressed pattern 

20 including a depressed portion or a projecting portion corresponding to a 
pit on a photosensitive material layer on or above a light absorption layer 
provided in a photoresist-coated board by projecting two or more pulses of 
a laser beam onto the photosensitive material layer to expose the 
photosensitive material layer thereto and developing the photosensitive 

25 material layer, a step of transferring the raised and depressed pattern 
formed on the photosensitive material layer onto a stamper for a 
recording medium and forming a raised and depressed pattern on the 
stamper, and a step of transferring the raised and depressed pattern 
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formed on the stamper onto a substrate for a recording medium to form 
pre-pits on the substrate. 

According to the present invention, since two or more pulses of a 
laser beam are projected onto the photoresist-coated board having the 
5 light absorption layer, a fine raised and depressed pattern having a 
uniform width can be formed on the photoresist-coated board after 
development even in the case where a laser beam having a relatively long 
wavelength is used. 

According -to this preferred aspect of the present invention, since 

10 the laser beam is intermittently projected onto the photoresist-coated 
board while the duty ratio thereof is varied, a fine raised and depressed 
pattern having a uniform width can be formed on the photoresist-coated 
board after development even in the case where a laser beam having a 
relatively long wavelength is used. 

15 The above objects of the present invention can be also 

accomplished by a method for manufacturing a recording medium 
comprising at least a step of forming a raised and depressed pattern 
including a depressed portion or a projecting portion corresponding to a 
pit on a photosensitive material layer provided in a photoresist-coated 

20 board by projecting two or more pulses of a laser beam onto the 
photosensitive material layer to expose the photosensitive material layer 
thereto and developing the photosensitive material layer, a step of 
transferring the raised and depressed pattern formed on the 
photosensitive material layer onto a stamper for an optical recording 

25 medium and forming a raised and depressed pattern on the stamper, and 
a step of transferring the raised and depressed pattern formed on the 
stamper onto a substrate for a recording medium to form pre-pits on the 
substrate, wherein the method for manufacturing a recording medium 
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further comprises a step of varying a duty ratio of the pulse-like laser 
beam in accordance with a length of a pre-pit to be formed. 

According to the present invention, since the laser beam is 
intermittently projected onto the photoresist-coated board while the duty 
5 ratio thereof is varied, a fine raised and depressed pattern having a 
uniform width can be formed on the photoresist-coated board after 
development even in the case where a laser beam having a relatively long 
wavelength is used. 

In a preferred aspect of the present invention, when a length of a 

10 pre-pit is shorter than a predetermined length, the duty ratio of the 
pulse-like laser beam is varied in accordance with the length of the pre-pit 
and when a length of a pre-pit is equal to or longer than a predetermined 
length, the duty ratio of the pulse-like laser beam is kept constant 
independently of the length of the pre-pit, thereby exposing the 

15 photosensitive material layer to the laser beam. 

According to this preferred aspect of the present invention, since 
the duty ratio of the pulse-like laser beam is varied only when it is 
particularly difficult to form a fine raised and depressed pattern having a 
uniform width without varying the duty ratio of the pulse-like laser beam 

20 for forming a depressed portion or a projecting portion of the raised and 
depressed pattern having a length shorter than a predetermined length, 
it is possible to form the raised and depressed pattern on the photoresist- 
coated board so as to be fine and have a uniform width without 
conducting complicated operations. 

25 In a further preferred aspect of the present invention, the duty 

ratio of the pulse-like laser beam is varied so that the photosensitive 
material layer is exposed to the laser beam by setting the duty ratio of the 
pulse-like laser beam to a first value when a pre-pit having a first length 
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is to be formed and that the photosensitive material layer is exposed to 
the laser beam by setting the duty ratio of the pulse-like laser beam to a 
second value smaller than the first value when a pre-pit having a second 
length longer than the first length is to be formed. 
5 According to this preferred aspect of the present invention, since 

the laser beam having a smaller duty ratio is intermittently projected 
onto the photoresist-coated board when the length of the depressed 
portion or projecting portion of the raised and depressed pattern becomes 
greater, a fine raised and depressed pattern having a uniform width can 

10 be formed on the photoresist-coated board after development irrespective 
of the length of the depressed portion or projecting portion of a raised and 
depressed pattern even in the case where a laser beam having a relatively 
long wavelength is used. 

The above objects of the present invention can be also 

15 accomplished by a photoresist-coated board constituted by laminating a 
light absorption layer and a photosensitive material layer on a substrate 
in this order, the photosensitive material layer being formed with a raised 
and depressed pattern and the raised and depressed pattern of the 
photosensitive material layer being formed by intermittently projecting a 

20 pulse-like laser beam onto the photosensitive material layer to expose the 
photosensitive material layer thereto and developing the photosensitive 
material layer. 

According to the present invention, since the raised and depressed 
pattern on the photoresist-coated board is fine and has a uniform width, it 
25 is possible to manufacture a stamper for a recording medium and a 
recording medium formed with a fine raised and depressed pattern 
having a uniform width using the photoresist-coated board. 

In a preferred aspect of the present invention, the raised and 
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depressed pattern of the photosensitive material layer is formed by 
intermittently projecting on the photosensitive material layer the pulse - 
like laser beam whose duty ratio is varied in accordance with a length of a 
depressed portion or a projecting portion of the raised and depressed 
5 pattern and developing the photosensitive material layer. 

According to this preferred aspect of the present invention, since 
the raised and depressed pattern on the photoresist-coated board is fine 
and has a uniform width, it is possible to manufacture a stamper for a 
recording medium and a recording medium formed with a fine raised and 
10 depressed pattern having a uniform width using the photoresist-coated 
board. 

The above objects of the present invention can be also 
accomplished by a photoresist-coated board constituted by laminating a 
photosensitive material layer on a substrate, the photosensitive material 

15 layer being formed with a raised and depressed pattern and the raised 
and depressed pattern of the photosensitive material layer being formed 
by intermittently projecting a pulse-like laser beam onto the 
photosensitive material layer to expose the photosensitive material layer 
thereto and developing the photosensitive material layer. 

20 According to the present invention, since the raised and depressed 

pattern on the photoresist-coated board is fine and has a uniform width, it 
is possible to manufacture a stamper for a recording medium and a 
recording medium formed with a fine raised and depressed pattern 
having a uniform width using the photoresist-coated board. 

25 The above objects of the present invention can be also 

accomplished by a stamper for a recording medium having a raised and 
depressed pattern formed by transferring the raised and depressed 
pattern of one of the aforesaid photoresist-coated boards thereonto. 
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According to this preferred aspect of the present invention, since 
the laser beam is intermittently projected onto the photoresist-coated 
board, a fine raised and depressed pattern having a uniform width can be 
formed in the photoresist-coated board after development even in the case 
5 where a laser beam having a relatively long wavelength is used. 
Therefore, a recording medium formed with fine pre-pits having a 
uniform width can be fabricated. 

The above objects of the present invention can be also 
accomplished by a recording medium having pre-pits formed by 
10 transferring the raised and depressed pattern of the stamper for a 
recording medium thereonto. 

According to the present invention, it is possible to make a pit- 
width of the pre-pits formed on the recording medium uniform and 
narrow a track pitch. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing the principle of a method for 
manufacturing a stamper for an optical recording disk which is a 
preferred embodiment of the present invention. 
20 Figures 2(a) to 2(f) show steps for manufacturing a stamper for an 

optical recording disk. 

Figure 3 is a diagram showing a pulse signal train input to a light 
modulator 109 and a plan view of a raised and depressed pattern 202 
formed thereby on a photoresist-coated glass board 108. 
25 Figure 4 is a diagram showing a method for generating a pulse 

signal train that is a signal for modulating the power of a laser beam. 

Figure 5 is a block diagram of one example of a pulse signal 
generation circuit. 
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Figures 6(a) to 6(c) show steps for manufacturing an optical 
recording disk. 

Figure 7 is a diagram showing a method for manufacturing a 
stamper for an optical recording disk using a cutting machine 100. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will now be 
described with reference to the accompanying drawings. 

Figure 1 is a diagram showing the principle of a method for 

10 manufacturing a stamper for an optical recording disk which is a 
preferred embodiment of the present invention. As shown in Figure 1, a 
laser beam 102 emitted from a laser beam source 101 such as a krypton 
laser beam source enters an EOM (electro-optic modulator) 103, whereby 
the power thereof is modulated to a predetermined power suitable for 

15 exposure and is reflected by a beam splitter 104, a beam splitter 105 and 
a mirror 106 to be condensed by a lens 107a onto a photoresist-coated 
glass board 108. 

The photoresist coated glass board 108 has a disk-like shape and is 
constituted by laminating a light absorption layer 108b and a 

20 photosensitive material layer 108c on a glass substrate 108a in this order 
and the laser beam 102 is condensed onto the photosensitive material 
layer 108c, whereby the photosensitive material layer 108c is exposed to 
the laser beam 102 and a latent image of a raised and depressed pattern 
corresponding to pre-pits is formed therein. 

25 The light absorption layer 108b preferably contains an organic 

compound having a light absorbency (sometimes referred to as "a light 
absorbent agent"). It is preferable to use at least one kind of a compound 
selected from a photo-initiator and a dye as the light absorbent agent. 
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Generally, a photo-initiator is used together with a photo-curable resin 
and has a property of generating a radical upon absorbing light such as 
an ultraviolet ray. Further, it is preferable to incorporate a photo- 
initiation auxiliary agent that itself does not become activated but serves 
5 to promote photo-chemical reaction when used together with the photo- 
initiator, as compared with the case where the photo-initiator is used 
alone, whereby the photo-chemical reaction efficiently proceeds. The 
photo-initiator is decomposed when it generates a radical but the photo- 
initiation auxiliary agent remains stable. It is therefore preferable to use 

10 a photo-initiation auxiliary agent in the present invention. 

As a photo-initiation auxiliary agent, aliphatic amine or aromatic 
amine is mainly used. In the present invention, it is preferable to employ 
as a photo-initiation auxiliary agent at least one kind of a compound 
selected from 4, 4'bis (dimethylamino) benzophenone, 4, 4'-bis 

15 (diethylamino) benzophenone, 4-dimethylamino amyl benzoate, 4- 
dimethylamino (n-butoxy) ethyl benzoate, 4-dimethylamino isoamyl 
benzoate and 4-dimethylamino 2-ethylhexyl benzoate. Among these, it is 
preferable to employ a benzophenone system compound. 

It is preferable to form a light absorption layer containing a light 

20 absorbent agent in the following manner. A light absorbent agent is first 
dissolved in a solvent to prepare a coating solution. A thermo-crosslinking 
compound may be added to the coating solution together with the light 
absorbent agent as occasion demands. If a coating layer containing the 
thermo-crosslinking compound in addition to the light absorbent agent is 

25 formed, the coating layer is heated to be hardened and a photo-resist 
layer is formed on the thus hardened coating layer, it is possible to 
prevent the light absorption layer and the photo-resist layer from mixing. 
Further, various additives such as an adhesion auxiliary agent for 
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improving adhesiveness with the photo-resist layer, a light absorbance 
agent, a surface active surfactant and the like may be added to the 
coating solution as occasion demands. 

The content of the light absorbent agent in the light absorption 
5 layer is preferably 10 to 70 weight %. When the content of the light 
absorbent agent is too small, it is difficult to achieve a sufficient light 
absorbance. On the other hand, when the content of the light absorbent 
agent is too large, the content of the material produced by the hardening 
of thermo-crosslinking compound becomes small, so that a light 

10 absorption layer having sufficient strength cannot be formed. The light 
absorption layer preferably has an absorption (extinction) coefficient k 
equal to or higher than 0.01 in the range of the wavelength of the laser 
beam used for fabricating the stamper and more preferably has an 
absorption (extinction) coefficient k equal to or higher than 0.1. When the 

15 absorption coefficient k is too small, the laser beam cannot be sufficiently 
absorbed by the light absorption layer. 

The thickness of the light absorption layer is not particularly 
limited and the light absorption layer is formed so as to have such a 
thickness that the laser beam used for exposing the photoresist layer can 

20 be sufficiently absorbed thereby. When the light absorption layer is too 
thin, it cannot absorb a sufficient amount of the laser beam and the 
photoresist layer tends to be multiply exposed, whereby a latent image 
having a desired shape cannot be formed. On the other hand, formation of 
the light absorption layer to a thickness larger than 300 nm does not 

25 markedly improve the light absorbance property, so that it is unnecessary 
to form the light absorption layer to a thickness larger than 300 nm. 
Further, when the light absorption layer is formed so as to have a 
thickness larger than 300 nm, excessive heat is accumulated in the light 
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absorption layer when a laser beam is projected thereonto, whereby the 
photoresist layer tends to be thermally decomposed so that it becomes 
difficult to stably expose the photoresist layer. Therefore, the thickness of 
the light absorption layer is preferably 1 nm to 300 nm and more 

5 preferably 10 nm to 200 nm. However, since the degree of the thermal 
decomposition of the photoresist layer caused by the heat accumulation in 
the light absorption layer varies depending upon the power of the laser 
beam projected onto the light absorption layer, in the case where the 
photoresist layer is exposed to a laser beam having relatively low power, 

10 it is possible to form the light absorption layer so as to have a thickness 
larger than 300 nm and equal to or smaller than 500 nm, for example. 

A lens 107b for condensing the laser 102, a light modulator 109 
and a lens 107c for making the laser beam whose power has been 
modulated into a parallel beam are disposed between the beam splitter 

15 104 and the beam splitter 105 and the power of the laser beam 102 is 
modulated in accordance with an input pulse signal train. Therefore, the 
laser beam is modulated into intermittent pulses having a predetermined 
duty ratio. Here, the duty ratio is defined as the ratio of the pulse width of 
the pulse-like laser beam (pulse laser) to the cycle of repetition of pulses. 

20 A latent image of pre-pits 110 is formed spirally on the 

photoresist-coated glass board 108 by integrally moving the mirror 106 
and an objective lens 107a in a radial direction of the photoresist-coated 
glass board 108 and rotating a turn table 110 on which the photoresist - 
coated glass board 108 is placed. 

25 Figures 2(a) to 2(f) show steps for manufacturing a stamper for an 

optical recording disk. The photoresist-coated glass board 108 includes 
the glass substrate 108a, the light absorption layer 108b formed on the 
glass substrate 108a and the photosensitive material layer 108c formed 
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on the light absorption layer 108b. Although not shown in Figures, the 
photoresist-coated glass board 108 may include an adhesive layer 
(primer) for improving adhesiveness between the glass substrate 108a 
and the light absorption layer 108b (Figure 2(a)). 

5 When the laser beam 102 is condensed by the lens 107a onto the 

photosensitive material layer 108c of the photoresist-coated glass board 
108, a region of the photosensitive material layer 108c irradiated with the 
laser beam 102 is exposed to the laser beam 102 (Figure 2(b)). Thereby, a 
latent image of a raised and depressed pattern corresponding to a pre-pit 

10 is formed. At this time, the power of the laser beam 102 is modulated by 
the light modulator 109. After the exposure of the photoresist-coated glass 
board 108, a developing solution such as a sodium hydroxide solution is 
sprayed on the photoresist-coated glass board 108, whereby the raised 
and depressed pattern 202 is developed (Figure 2(c)). 

15 After the photoresist-coated glass board 108 has been exposed to 

the laser beam 102 and developed, a thin nickel film 203 is formed on the 
photosensitive material layer 108c using an electroless deposition process 
or a vapor deposition process (Figure 2(d)). Thereafter, a thick nickel film 
204 having a thickness of about 0.3 mm is formed by thick plating using 

20 the thin nickel film 203 as a positive electrode and nickel as a negative 
electrode (Figure 2(e)). 

After forming the thick nickel film 204, the resist surface is peeled 
off from the thin nickel film 203, a laminate of the thin nickel film 203 
and the thick nickel film 204 is washed and processed to desired inner 

25 and outer diameters, thereby fabricating a stamper 205 for an optical 
recording disk (Figure 2(f)). Optical recording disks can be mass-produced 
by using the thus fabricated stamper 205 and transferring the raised and 
depressed pattern on the optical recording disk by an injection molding 
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process, a 2P process or the like. 

Here, the number of kinds of the raised and depressed pattern 202 
is determined by the modulation code used for the optical recording disk 
to be manufactured. While other possibilities also exist, in the case where 
5 a (l,7)RLL Modulation Code is used for a next- generation type optical 
recording disk having an extremely high data transfer rate, since pre-pits 
having lengths of 2 T to 8 Tare used, the number of kinds of the raised and 
depressed pattern 202 is seven, i.e., 2Tto 8T. 

Each of Figure 3(a) to 3(c) is a diagram showing a pulse signal 

10 train input to a light modulator 109 and a plan view of a depressed 
portion or a projecting portion 202 of a raised and depressed pattern 
formed thereby on a photoresist-coated glass board 108. As shown in 
Figure 3, in the case where a depressed portion or a projecting portion of a 
raised and depressed pattern corresponding to pre-pits having lengths of 

15 2T to ST is to be formed, when the length of a pre-pit to be formed is 
shorter than 4T 9 for example, the duty ratio of the pulse signal train input 
to the light modulator 109 is varied within a range from about 30 % to 
80 %, preferably, about 50 % to 65 % so that a pulse signal train having a 
higher duty ratio is generated as the length of a pre-pit to be formed 

20 becomes longer and the power of a laser beam is modulated by the thus 
generated pulse signal train. On the other hand, when the length of a 
pre-pit to be formed is equal to or longer than 4T, for example, it is 
preferable to generate a pulse signal train having a constant duty ratio 
independently of the length of the pre-pit to be formed and modulate the 

25 power of the laser beam using the thus generated pulse signal train. 

For example, in the case where a pre-pit having a length of 27 7 is to 
be formed, pulse signals 301 of two clock cycles having a duty ratio of 
about 65 % are used and a depressed portion or a projecting portion 302 of 
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a raised and depressed pattern corresponding to a pre-pit having a length 

of 2Tis formed (Figure 3(a)). 

Further, in the case where a pre-pit having a length of 3Tis to be 

formed, pulse signals 303 of three clock cycles having a duty ratio of about 
5 60 % are used and a depressed portion or a projecting portion 304 of a 

raised and depressed pattern corresponding to a pre-pit having a length of 

3ris formed (Figure 3(b)). 

Furthermore, in the case where a pre-pit having a length of one of 

4 Tto 8Tis to be formed, the duty ratio of a pulse signal 305 is set to about 
10 50 % so as to form a depressed portion or a projecting portion 306 of a 

raised and depressed pattern corresponding to a pre-pit having a length of 

47" using the pulse signals 305 of four clock cycles, form a depressed 

portion or a projecting portion 306 of a raised and depressed pattern 

corresponding to a pre-pit having a length of 5 T using the pulse signals 
15 305 of five clock cycles, form a raised and depressed pattern 306 

corresponding to a pre-pit having a length of 6 fusing the pulse signals 

305 of six clock cycles, form a depressed portion or a projecting portion 

306 of a raised and depressed pattern corresponding to a pre-pit having a 
length of 7 fusing the pulse signals 305 of seven clock cycles and form a 

20 depressed portion or a projecting portion 306 of a raised and depressed 
pattern corresponding to a pre-pit having a length of Sousing the pulse 
signals 305 of eight clock cycles (Figure 3(c)). 

Thus, if the power of the laser beam is modulated using a pulse 
signal train having a proper duty ratio and the thus power-modulated 

25 laser beam is projected onto the photoresist-coated glass board 108, it is 
possible even when using a laser beam having a relatively long 
wavelength to narrow the pit width w of a depressed portion or a 
projecting portion 302, 304, 305 of a raised and depressed pattern 



corresponding to a pre-pit and make it uniform independently of the 
length of the pre-pit and, as a result, the track pitch can be narrowed. 

Here, the critical length of a pre-pit based on which it is 
determined whether the duty ratio of the pulse signal train should be 
5 varied or the duty ratio of the pulse signal train should be maintained 
constant is preferably selected so as to be substantially equal to the size of 
the spot of the laser beam. In the present invention, the critical length of 
a pre-pit is preferably determined to be 47 7 but it may be determined to be 
27] 3Tor5T. 

10 Further, the above mentioned duty ratios are only illustrated as 

examples and it is possible to set the duty ratio of each of the pulse 
signals to 60 % when a pre-pit having a length of 2Tis to be formed, set 
the duty ratio of each of the pulse signals to 55 % when a pre-pit having a 
length of 3 T is to be formed and set the duty ratio of each of the pulse 

15 signals to 55 % when a pre-pit having a length of one of AT to STis to be 
formed. Insofar as the duty ratio of each pulse signal is set in the range of 
50 % to 65 % in this manner, substantially the same advantages can be 
obtained. However, when a pre-pit having a length of one of 4 T to S^is to 
be formed, it is not preferable to set the duty ratio of each pulse signal too 

20 high, for example, about 60 %. Furthermore, it is possible to vary the duty 
ratio of each pulse signal within the range of 30 % to 80 %, for example, in 
such a manner that the duty ratio of each pulse signal is set to 80 % when 
a pre-pit having a length of 2 T is to be formed, set to 60 % when a pre-pit 
having a length of 3 T is to be formed and set to 30 % when a pre-pit 

25 having a length of one of 4 T to 8 jTis to be formed. 

Moreover, even in the case where a pre-pit having a length equal to 
or longer than a predetermined length, for example, 47] is to be formed, it 
is not absolutely necessary to maintain the duty ratio of each pulse signal 
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constant. Even in such a case, it is possible to form a pre-pit having a 
length of one of 2T to 8yby stepwise varying the duty ratio of each pulse 
signal within the range of 50 % to 65 %, for example, in such a manner 
that the duty ratio of each pulse signal is set to 65 % when a pre-pit 
5 having a length of 2T\s to be formed, set to 60 % when a pre-pit having a 
length of 3 T is to be formed, set to 55 % when a pre-pit having a length of 
4 J'is to be formed, set to 53 % when a pre-pit having a length of 5 T is to 
be formed, set to 52 % when a pre-pit having a length of &T\s to be formed, 
set to 51 % when a pre-pit having a length of 7yis to be formed and set to 

10 50 % when a pre-pit having a length of 87^ to be formed. 

Furthermore, it is possible to form a pre-pit having a length of one 
of 2Tto ST'by stepwise varying the duty ratio of each pulse signal within 
the range of 30 % to 80 %, for example, in such a manner that the duty 
ratio of each pulse signal is set to 80 % when a pre-pit having a length of 

15 27 7 is to be formed, set to 65 % when a pre-pit having a length of 3 7 7 is to 
be formed, set to 50 % when a pre-pit having a length of 47 7 is to be formed, 
set to 45 % when a pre-pit having a length of 5 T is to be formed, set to 
40 % when a pre-pit having a length of 6 T is to be formed, set to 35 % 
when a pre-pit having a length of TT'is to be formed and set to 30 % when 

20 a pre-pit having a length of 87^ to be formed. 

Figure 4 is a diagram showing a method for generating a pulse 
signal train that is a signal for modulating the power of a laser beam. A 
pulse signal having a predetermined duty ratio (Figure 4(c)) can be 
generated by adding a rectangular wave signal of a base clock cycle 

25 having a frequency fof 20 MHz (Figure 2(a)) and rectangular wave signal 
(Figure 4(b)) obtained by phase shifting the base clock cycle. For example, 
a pulse signal having a duty ratio of 65 % can be generated by shifting the 
base clock cycle by 3n/10 and adding the thus obtained rectangular wave 
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to the rectangular wave of the base clock cycle. The base clock cycle is 
shifted by n/5 for generating a pulse signal having a duty ratio of 60 % 
and is shifted by n/10 for generating a pulse signal having a duty ratio of 
55 %. 

5 Figure 5 is a block diagram of one example of a pulse signal 

generation circuit. As shown in Figure 5, the pulse signal generation 
circuit includes a phase shifter 501 and a summer 502. The base clock 
cycle is divided into two base cycles at a bifurcating point 503 and one of 
the base clock cycles is input to the phase shifter 501. The base clock cycle 

10 is shifted by the phase shifter 501 by a predetermined shift amount and 
output from the phase shifter 501. The shift amount of the base clock 
cycle is determined based on pit length data input to the phase shifter 501. 
The summer 502 receives the original base clock cycle and the thus 
shifted base clock cycle and adds them to output the sum base clock cycle. 

15 A method for manufacturing an optical recording disk using the 

thus fabricated stamper will be described later. 

Figures 6(a) to 6(c) show steps for manufacturing an optical 
recording disk. In a next-generation type optical recording disk having an 
extremely high data transfer rate, it is necessary to form a light 

20 transmission layer that is very much thinner than that of a CD or a DVD. 

An optical recording disk substrate 601 having a thickness of 
about 1.1 mm is first fabricated by an injection molding process using the 
stamper 205 fabricated in the above described manner. Thereby obtaining 
an optical recording disk substrate 601 onto which the raised and 

25 depressed pattern on the surface of the stamper 205 has been transferred 
(Figure 6(a)). The material for forming the optical recording disk 
substrate 601 is not particularly limited and polycarbonate, for example, 
may be used for forming the optical recording disk substrate 601. Further, 
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the optical recording disk substrate 601 may be fabricated by a photo- 
setting process (2P process) using the stamper 205. 

Next, as occasion demands, a sputtering apparatus is used to 
sputter metal onto the surface of the optical recording disk substrate 601 

5 formed with the raised and depressed pattern. Thereby, a reflective film 
602 is formed on the surface of the optical recording disk substrate 601 
(Figure 6(b)). It is preferable to form the reflective film 602 so as to have a 
thickness of 10 nm to 300 nm and to employ an alloy containing Ag as a 
primary component as the metal for forming the reflective film 602. 

10 Then, ultraviolet ray curable resin is applied using a spin coating 

method, a roll coating method, a screen printing method or the like onto 
the surface of the optical recording disk substrate 601 formed with the 
raised and depressed pattern or the surface of the reflective film 602 and 
an ultraviolet ray is projected onto the ultraviolet ray curable resin to 

15 form a light transmission layer 603 having a thickness of about 10 pm to 
300 pm (Figure 6(c)). This completes the fabrication of the optical 
recording disk. Here, the light transmission layer 603 may be formed by 
adhering a resin sheet formed of polycarbonate, polyolefin or the like in 
advance onto the surface of the reflective film 602. 

20 Further, a moisture-proof layer for preventing the reflective film 

602 from being corroded may be formed between the optical recording 
disk substrate 601 and the reflective film 602 and/or the reflective film 
602 and the light transmission layer 603. 

As described above, according to this embodiment, since a pulse- 

25 like laser beam is intermittently projected onto the photoresist-coated 
glass board having the light absorption layer, it is possible even when a 
laser beam having a relatively long wavelength is used to form pre-pits so 
as to have a uniform width irrespective of the lengths of the pre-pits and, 
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as a result, the track pitch can be narrowed. Therefore, it is possible to 
manufacture a stamper for an optical recording disk formed with pre-pits 
having a uniform pit width and a narrow track pitch. 

More specifically, according to this embodiment, it is possible to 
5 manufacture a stamper for a next-generation type optical recording disk 
formed with pre-pits having track pitch of 0.32 pm and a shortest pit 
length of about 0.16 pm using a laser beam having a wavelength of 351 
nm used for manufacturing a stamper for a DVD. 

Further, according to this embodiment, since the power of the laser 

10 beam is modulated based on a pulse signal train having a proper duty 
ratio and the thus power-modulated pulse-like laser beam is 
intermittently projected onto the photoresist-coated glass board, even 
when a laser beam having a relatively long wavelength is used, pre-pits 
can be formed so as to have a uniform width irrespective of the lengths of 

15 the pre-pits and, as a result, the track pitch can be narrowed. 

The present invention has thus been shown and described with 
reference to a specific embodiment. However, it should be noted that the 
present invention is in no way limited to the details of the described 
arrangements but changes and modifications may be made without 

20 departing from the scope of the appended claims. 

For example, although in the above described embodiment the 
laser beam is intermittently projected onto the photoresist-coated glass 
board having the light absorption layer, it is not absolutely necessary to 
intermittently project the laser beam onto the photoresist-coated glass 

25 board having the light absorption layer and the laser beam may be 
intermittently projected onto a photoresist-coated glass board having no 
light absorption layer. Specifically, in the case where the power of the 
laser beam is modulated based on a pulse signal train having a proper 
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duty ratio and the thus power-modulated pulse-like laser beam is 
intermittently projected onto a photoresist-coated glass board having no 
light absorption layer, pre-pits cannot be formed so accurately as in the 
case of employing the photoresist-coated glass board having the light 
5 absorption layer but it is nevertheless possible to make the pit widths of 
pre-pits sufficiently uniform and the track pitch considerably narrow as 
compared with the case where the power of a laser beam is modulated by 
a pulse signal train having pulse lengths determined based on the lengths 
of pre-pits to be formed and the thus power-modulated laser beam is 

10 projected onto the photoresist-coated glass board. 

Further, in the above described embodiment, for example, 
although explanation was made as to the case where a stamper for an 
optical recording disk is fabricated using a photoresist-coated glass board, 
the present invention is not limited to such a case but can be widely 

15 applied for forming a fine raised and depressed pattern having a uniform 
width on a photoresist-coated glass board using a laser beam having a 
relatively long wavelength. 

Furthermore, in the above described embodiment, for example, 
although the photoresist-coated glass board and the stamper for an 

20 optical recording disk are shaped to be disk-like, it is not absolutely 
necessary for the photoresist-coated glass board and the stamper for an 
optical recording disk to have disk-like shapes and the photoresist-coated 
glass board and the stamper for the optical recording disk may be shaped 
to be card-like in, for example, a rectangular form. 

25 Moreover, in the above described embodiment, although 

explanation was made as to an optical recording disk, the present 
invention is not limited to an optical recording disk but can be widely 
applied to recording media including a magnetic disk that is, for example, 
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a discrete medium. 

Further, in the above described embodiment, for example, 
although the duty ratio of the laser pulse is controlled by shifting the base 
clock cycle using the pulse generation circuit including the phase shifter 

5 and the summer, it is not absolutely necessary to control the duty ratio of 
the laser pulse by shifting the base clock cycle using the pulse generation 
circuit including the phase shifter and the summer, and the duty ratio of 
the laser pulse may be controlled using any of various methods. 

As described above, according to the present invention, it is 

10 possible to provide a method for processing a photoresist-coated board 
and a photoresist-coated board in which a fine raised and depressed 
pattern having a uniform width can be formed after development even in 
the case where a laser beam having a relatively long wavelength is used. 

Therefore, according to the present invention, it is possible to 

15 manufacture a stamper for a next-generation type optical recording disk 
having a track pitch of 0.32 pm and a shortest pit length of about 0.16 pm 
using a cutting machine used for manufacturing a stamper for a 
conventional optical recording disk. 

Further, according to the present invention, it is possible to 

20 provide a method for manufacturing a stamper for a recording medium 
which can make pit widths of pre-pits uniform irrespective of the pit 
lengths and the track pitch narrow even in the case where a laser beam 
having a relatively long wavelength is used, and a stamper for an optical 
recording medium formed with pre-pits having uniform and a narrow 

25 track pitch. 

Furthermore, according to the present invention, it is possible to 
provide a method for manufacturing a recording medium which can make 
pit widths of pre-pits uniform irrespective of the pit lengths and the track 
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pitch narrow even in the case where a laser beam having a relatively long 
wavelength is used, and a recording medium formed with pre-pits having 
uniform and a narrow track pitch. 
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